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The invention relates to pH^ensitiye liposome systems, compositions comprising 
said pH sensitive liposome Systems and tiie use of such compositions as contrast 
5 agents 0ii4 medicaments- 
It is well known that in the presence of pathology, physiological parameters such as 
pH may be altered. The pij is usually reduced during cancer diseases in soUd 
tumours, during cardiov^sj^ular diseases like stroke, during osteoporosis, 

10 inflammation and during certain autoimmune diseases, Hie lower pH values in 
tumour tissue have been attriUted to the extensive production of Ucdc acid within 
tumour cells v»d its extmsioif to the interstitial fluid whet* the acid is accumulated 
due to an impaired clear^ce. be reduced interstitial pH in tumour tissue has formed 
the basis for the developmebt of in vtyo pH measurement and methods for the 

15 detection of tumours. 

Diagnostic agents, e,g. contrit agents encapsulated in pH sensitive liposomes were 
suggested for in vivo pH mea|mrement and detection of tumour tissue. Such contrast 
agents are for example paramignetic contrast agents used in MR imaging. 



25 



WO.Al-99/52505 describes ijhe encapsulation of GdDTPA-BMA, a low molecular 
weight paramagnetic contrasli' agent used in magnetic resonance imaging (MRI), in 
pH sensitive liposomes compjosed of dipalmitoylphosphatidylethanolamine (DPPE) 
and palmitic acid (PA). In vitro investigations of said system showed that at 
physiological pH, the Ti-relifdvity (rl) of said system was significantiy lowered 
compared to tiiat of non-lip^somal GdDTPA-BMA, which was explained by an 
exchange limited relaxation ptoctss. Lowering the pH gave a sharp and 6-7 fold 
increase in r| due to aposomjj aggregation and subsequent leakage of encapsulated 
GdDTPA-BMA. However, s^d liposome system is rapidly destabilised in human 
30 blood and leaky at botii - h<gh and low pH. Hence, sjiid liposome system is not 
suitable for m vivo diagnostic iapplication. 

D. Collins et al., Biochem, ^iophys. Acta 1025 (1990), 234 - 242 describe a pH 
sensitive liposome system thit is stable in human plasma. The liposome system is 
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composed of unsaturated! dioleoylphosphatidylethanolamine (DOPE) and 
dipalmitoylsuccinylglycerol (jOPSG) or dioleoylsuccinylglycerol (DOSG). Tlie pH 
sensitivity of the system was! tested by encapsulation of calcein and monitoring of 
acid-induced calcein release. The potential of said system for in yivo drug delivery is 
5 discussed. ' 

In contrary to pH sensitive liposomes used for drug delivery, pH sensitive liposomes 
that are used for the encapsijlation of paramagnetic contrast agents like GdDTPA- 
BMA must fulfil certain ad[iitional criteria. As a change in n is caused by an 
1 0 increased water access to said contrast agents the liposome membrane must be rigid 
enough to hinder water access to the contrast agent at physiological pH. At lower 
pH, the access of water njiay be due to, for instance, an increase of water 
peimeability of the liposome membrane or by liposome destabilisation and 
subsequent leakage of the coritrast agent. 

1B 

f 

pH sensitive liposomes shojwing a high water permeability of thejr membrane 
already at physiological pH- are not suitable for the preparation of pH sensitive 
paramagnetic MR contrast agents for in vivo applications. K.-E. Inkling et al., 
Magn. Reson. Imaging 1^ (2001), 731-738 describe that QdDTPA-BMA 
20 encapsulated in unsaturated | DOPE/OA liposomes is not a suitable pH sensitive 
contrast agent for MR imagijig due to the high water permeability of the liposome 
membrane at normal physiological pH. Thus, upon lowering fte pH, only a poor 
pH/ri- dependence was observed. 

25 Accordingly, there was a nae^ for pH sensitive MR contrast agents that are suitable 
for in vivo applications. 

i 

Surprisingly, we have found i pH sensitijye liposome system comprising 
(a) l-acyK2-acyl.glyceroT3-phosphoethanolamine and 
30 (b) l-acyl-2-acylsuccinyl^lycerol or l-acyl-3-acylsuccinylglycerol 

wherein in (a), both acyl-re^dues are the same or different and are saturated acyl 
residues that contain at least 14 C atoms or, 

PN0301/R/10.01.2003 
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one acyl residue is a saturatecj acyl residue that contains at least 14 C atoms and the 
other acyl residue is a monouhsaturated acyl residue that contain at least 14 C atoms 
andi 

wherein in (b), botli acyj-residues are the same or different and are saturated acyl 
5 residues that contain at least 14 C atoms or, 

one acy] residue is a saturatec^ acyl residue that contains at least 14 C atoms and the 
other 4cyl residue is a raonouiisaturated acyl residue that contain at least 14 C atoms, 
that could be used for the pijep^ation of pH sensitive MR contrast agents that are 
suitable for in vivo applicatioijis. 

10 

Said pH sensitive liposome gystem is for instance suitable for the encapsulation of 
paramagnetic MR contrast generating species. As such, pH sensitive liposomes are 
obtained which are stable and remain pH sensitive in human blood. Said liposomes 
are suitable for in vivo detection of low pH areas (i.e. areas with pH lower than 
15 normal physiological pH) ancl for the in yivo detection of tumours or other diseases 
like cardiovascular diseases* le.g, stroke, osteoporosis or inflanunation in human or 
non-human animal subjects. 

The liposome system according to the invention comprises compounds (a) and (b) 
20 each compound comprising jtwo acyl residues that contain at least 14 C atoms, 
preferably 14 to 22 C atoms ^ more preferably 14 to 18 C atoms. 

In one embodiment, the ac^l residues in compound (a) are both saturated acyl 
residues that contain at least 14 C atoms and said acy] residues may be the same Uke 

25 for instance in dipalmitoyl-gPycero-3-phosphatidyethanolamine or different like for 
instance in myristoyl- palmitqjyl-glycero-S-phosphoethanolamiqe, preferably they are 
the same. In a preferred embbdiment, said residues contain 14 to 22 C atoms, more 
preferably 14 to 20 C atomi Preferred compounds (a) are dimyristoyl-glycero-3- 
phQsphoethanolamine, dipentadecanoyl-glycero-3-phosphoethanoIamine> 

30 dipalraitoyl-glycero-3-phospbo-ethan0laraine, diheptadecanoyl-glycero-3-phospho- 
ethanolamine, distearoyl-gIycero-3-phospho-ethanolamine, dinonadecanoyl-glycero- 
3-phosphoethanolamine and diarachidoyl-glycero-3-phosphoethanolamine, More 
preferred compounds (aj) are dimyristoyl-glycero-3-phosphoethanoIamine, 

PN0301/FI/1 0,01. 2003 
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dipajTnitoyl-glycero-3-phospI^-eUianolanune and distearoyl-glycero-3- 
phofiphoethanolamine. 



In another enibodiment, tfie acyl residues in compound (a) are one saturated acyl 
5 residue thai contains at least 14 C atoms, like for instance myriistoyl, palmitoyi or 
stearoyl and one monounsatu^ated acyl residue that contains at least 14 C atoins, like 
for instance myristoleoyl, palfnitoleoyl, oleoyl, elaidoyl or eicosenoyl. In a preferred 
embodiment, said residues contain 14 to 22 C atoms, more preferably 14 to 18 C 
atoms. Preferred compounc^s (a) are myristoyl-myristoleoyI-glycero-3-phospho- 

10 ethanolamine, myristoyl-myristelaidoyl-glycero-3-phosphoethanolamine, myristoyl- 
palmitoleoyl-glycero-3-phosphoethanolamine, myristoyl-palmitelaidoyl-glycero-S-' 
phosphoethanolamine, rayristoyl-oIeoyl-glycero-3-pho3phoethanoIamine, myristoyl- 
elaidoyl-gIycero-3-phosphoethanolamine, palnutoyl-myristoleoyl-glycero-S- 
phosphoethanolamine, paljnutoyl-myristelaidoyl-glycero-3-phosphoetbanolarrune, 

15 palmitoyl-palmitoleoy]-glycero-3-phosphoethanolamine, palmitoyl-palmitelaidoyl- 
glycero-3-phosphoethanolamine, palmitoyl-oleoyl-glycero-3-phosphoetfaanolaminc, 
palnfUtoyl-elai4oyI-glycero-3-|phosphoethanolamine, palniitoyl'eicosenoyl-glycerOr-3- 

phosphoethanolamine, 'Stearoyl-myristoleoyl-gIycero-3-pho$phoethanolamine, 

> 

stearoyl-mytistelaidoyl-glyceiro-3-phosphoethanolamine. stearoyl-palmitoleoyl- 
20 glycero-3-phosphoethanolamine, stearoyl-palmiteIaidoyl-glycero-3-phospho- 
ethanolamine, stearoyl-oleoyl-glycero-S-phosphoethanolamine, ^tearoyl-elaidoyl- 
glycero-3"phosphoethanolamine, stearoyl-eico^enoyl-glycero-S- 
phosphoetlianolamine, arachidoyl-paImitoleoyI-glycero-3 -phosphoethanolamine, 
arachidoyl-palmitelaidoyl-glycero-3-phosphoethanolaniine, arachidoyl-oleoyl- 
25 glycero-3-phosphoethanolam|ne, arachidoyl-elaidoyl-glycejro-S-phospho- 
ethanolamine and arachidoyl-eicosenoyl -glycero-3-phosphoethanolamine. More 
preferred compounds (a) are palmitoyl-paImitoleoyl-glycero-3- 
phosphoethanolamine, palmitoyI-paInuteIaidoyl-glycerO'-3-phosphoethanolamine, 
palmitoyl-oleoyl-glyccro-3-phosphoethanolamine, palmitoyl-elaidoyl-glycero-S- 
30 phosphoethanolamine» stearoyl-palmitoleoyIr-glycero-3-phosphoethanoIamiQe, 
Stearoyl-palmitelaidoyl -glycero-3-phosphoethanolaniine, stearoyl-oleoyl -glycerO'3- 
pho^pboethanolamine^ stearoyl-elaidoyl •glycero-3-phosphoethanolamine and 
stearoyl-eicosenoyl -glycero-i9-phosphoethanolamine. Preferably, the acyj residues in 
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25 
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compoimd (a) are both satura^e^ acyl rejsitJues *at contain at least 14 C atoms. More 

preferably, s^d acyl residues ^e the same. 

I 
I 
! 

The pH sensitive liposome sjystem according to the invention comprises l-acyl-2- 
acylsuccinylglycerol or l-^cyl-3-acylsuccinylglycen)l as the compound (b). 
Preferably, the system ajccording to the invention comprises l-acyl-2- 
acylsuccinylglycerol as the porapound (b). If not further specified, exemplified 
compounds (b) inean tjoth, l-acyl-2-acylsuccinylglycerol and l-acyl-3- 
acylsuccinylglycerol. j 

i 

In one embodiment, the ac^l residues in compound (b) are both saturated acyl 
residues that contain at least |4 C atoms and said acyl residues may be the same, like 
for instance in dipalmitoylsuccioylglycerol or different, like for instance in 
palmitoyl-steatoylsuccinylgly|cerol, preferably they are the same. In a preferred 
embodiment, said residues contain 14 to 22 C atonu;, more preferably 14 to 18 C 
atoms. Prefeired comjounds (b) are dimyristoylsuccinylglyceiol, 
dipentadecanoylsttccinylglyoerol, dipalniitoylsuccinylglycerol, diheptadecanoyl- 
succinylglycerol, distearoyls^cinylglycerol, dinonadecanoyjsuccinylglycerol and 
diarachidonylsttccinylglyceroji. More preferred compounds (b) are 
dimyristoylsuccinylglycerol, ; dipaJraitoylsuccinylglycerol and distearylsuccinyl- 
glycerol. 

In another embodiment, the acyl residues in compound (b) are one saturated acyl 

residue that contains least 14 C atoms, like for instance rayristoyl, palmitoyl or 

stearoyl and one monounsatui rated acyl residue that contains at least 14 C atoms, like 

for instance myristoleoyl, pa^toleoy], oleoyl, elaidoyl or eicosenoyl. In a preferred 

entbodiment, said residues contain 14 to 22 C atoms, more preferably 14 to 18 C 

atoips. Preferred compounds (b) we myristoyl-mytistoleoyl-succinylglycerol, 

myristoyl-myristelaidoyl-sucdinylglycerol, myristoyl-palmitoleoyl-succinylglycerol, 

myristoyl-palmiteldidoyl-succpinylglycerol, myristoyl-oleoyl-succinylglycerol, 

myristoyl-elaidoyl-succinylgljycerol, palmitoyl-myristoleoyl-succinylglycerol, 

palmitoyl-myristelaidoyl-succinylglycerol, palmitoyl-palmitoleoyl-succinylglycerol, 

pa]mitoyl-palmitelaidoyl-suc<Jinylglycerol, palmitoyj-oleoyl-succinylglycerol, 

palmitoyl-elaidoyl-succinylglycerol, palmitoyl-eicosenoyl-succinylglycerol, 
PNOaoi/FI/io.01.2003 
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stearoyl-myristoleoyl-succinyiglycerol, stearoyl-niyristelaidoyl-succinylglycerol, 
stearoyl-paljnitoleoyl-succinyiglycerol. stearoyl-palmiteJaidoyl-succinylglycMol, 
stearoyl-oleoyl-succinylglycetol, ptearoyl-elaidoyl-succinylglycerol, stearoyl- 
eicoseDoyl-sqccinylglycenoI, ; arachidoyl-palmitoleoyl-succinylglycerol, arachidoyl- 
5 palmitelaidoyl-succinylglyceij)!, arachidoyl-oleoyl-succinylglycerol, arachidoyl- 
elaidoyl-succinylglycerol afnd arachidoyl-eicosenoyl-sucdnylglycerol. More 
preferred compounds (b) aiie palmitoyl-palmitoleoyl-succinylglycerol, palmitoyl- 
palmitelaidoyl-succinylglycetiol, paJmitoyl-oleoyl-succinylglycerol, palmitoyl- 
elaidoyJ-succinylglycerol. stearoyl-palmitoleoyl-succinylglycerol, stearoyl- 
10 paJmitelaidoyl-succinylglyceiiol, stearoyl-oleoyl-succinylglyceroU stearoyl-elaidoyl- 
succinylglycerol and stearoyl-ieicosenoyl -succinylglycerol. 

Particularly preferred pH s^sitive liposome systerm according to the invention 
comprise dimyristoyl-glycerc^3-phosphoethanolaniine and 1,2- dimyiistoylsuccinyl- 

15 glycerol, dipalmitoyl-glycerota-phospho-ethanolamine and 1,2- dimyiistoylsuccinyl- 
glycerol, distearoyl-glycero-J-phosphoethanolamine and 1,2- dimyristoylsuccinyl- 
glycerol, dimyristoylrglyceroi-3-phosphocthanolamine and 1,2- dipalmitoylsuccinyl- 
glycerol, dipalmitoyl-glycerof3-phospho-eihanolamine and 1,2-. dipalmitoylsuccinyl- 
glycerol, distearoyl-gIycero-3-phospboethanolamine and 1,2- dipalmitoylsuccinyl- 

20 glycerol, dimyristoyl-glycerd-S-phosphoethanolamine and 1,2- distearoylsuccinyl- 
glycerol, dipalmitoyJ-glycerd-S-phospho-ethanolamine and 1,2- distearoylsuccinyl- 
glycerol, distearoyl-glycero-3-phospboethanolamine and 1,2- distearoylsuccinyl- 
glycerol. 

25 In the pH sensitive Ijposom^ system according to the invention, compound (a) is 
preferably used in excess. 

The pH sensitive liposome System according to the invention is stable in blood, 
blood pl^sm^ and in the presence of blood proteins at normal physiological pH (pH 
30 7.4 at 37 *C) and higher pH values. Upon exposure of the pH sensitive liposome 
system to a low pH environment. i.e. lower tlian the physiological pH, liposomal 
destabilisation and lealcage o^tbe encapsulated material occurs. 
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Another aspect of the inventijjn is a method for the preparation of the inventive pH 
sensitive liposomes. Several linethods for the preparation of liposomes are known in 
the art an4 said methods may also be used for the preparation of the pH sensitive 
liposomes according to the indention (see for example D, D, Lasic et al., Preparation 
5 of liposomes- In D.D. Laijic (ed), Liposomes form physics to applications, 
Amsterdam, Elsevier Science Publishers B.V., The Netherlands, 1993, page 63 - 
107.) Methods known to th^e skilled artisan include for example the thin film 
hydration method and the reverse phase evaporation method, 

10 In a preferred embodiment, tlie pH sensitive liposomes according to the invention are 
prepared by the tliin film hydration method. Briefly, a chloroform/methanol solution 
of the compounds (a) and (b) !i$ rotary evaporated to dryness and the resulting film is 
further dried under vacuum dsee for example D,D, Lrasic, Preparation of liposomes. 
In D-D. Lasic (ed), Liposon^es from physics to applications. Amsterdam, Elsevier 

15 Science Publishers B.V., ThejNetherlands, 1993, p. 67-73), 

The pH sensitive liposomes according to the invention may be unilamellar or 
multilamellar liposomes. Unilamellar liposomes are preferred for the encapsulation 
of contrast generating specie^ useful in MR imaging or spectroscopy, as described 
20 later iq this application. 

Methods for the preparatioiji of compounds (a) and (b) are Icnown in the art. 
Compounds (a) may be syntljiesised as described in J.T. Mason et al.. Biochemistry 
29 (1990), 590-598, Briefly,! mono-acid or mixed-acid diacylphospbatidylcholines 

25 (for synthesis see for exanqjl4 J.T. Mason et al., Anal, Biochent 1 1 3 (1981a), 96) are 
converted to the cotrespondir|g phosphoethanolamines by phospholipase D mediated 
transphosphatidylation. Con^unds (b) may be synthesised as described in D, 
Collins ct al., Biochem. Bioplhys. Acta 1025 (1990), 234 - 242. Briefly, 1,2- or 1.3- 
diacylglycerols (for the synthjesis of mono-acid or mixed acid diacylglycerols see for 

30 example D.R. Kodali et al., Cjajena. Phys. Lipids 61(2), 1992» 169-173) are combined 
with succinate anhydride and triethylamine in chloroform. The mixture is incubated 
at 37 "C overnight and theii subjected to water extraction to remove hydrophilic 
contaminants and triethylamine. 

PN0301/FI/1 0,01 .2003 
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Yet another aspect of the indention are compositions comprising the pH sensitive 
liposome system according to the invention and at least one contrast generating 
species useful in MR in3|iging or spectroscopy, or optical imaging. Such 
5 compositions could be used ^ contrast agents in MR imaging or spectroscopy and 
optical imaging. 

The term "contrast generating species'* is used borein to refer to a chemical entity or 

I 

a chemical composition wh^ch generate a contrast effect when used in imaging 
10 modalities. 

Suitable contrast generating ^ecies in light imaging or optical imaging are dyes like 
for instance fluorescent dyjssp near infrared dyes or UV dyes. Corapositlons 
comprising the inventive pH Sensitive liposome systems and dyes can be used as pH 

15 sensitive contrast agents in olptical imaging or light imaging. For instance, dyes are 
encapsulated in the inventivb pH sensitive liposome system and tlie composition 
obtained is administered to a Jiuman or non-hunjan animal subject Upon exposure to 
an environment with lower! pH (e.g. tumour tissue), the pH sensitive liposome 
system becomes leaky and tile dye will be released. Said release will be detectable 

20 by in vivo light imaging oij optic^ imaging, thus allowing the detection of e.g. 
tumour tissue. 

In a preferred embodiment, the inventive compositions comprise dyes which are 
encapsulated in the inventive pH sensitive system and which - upon release at lower 
25 pH - change signal intensity. Preferably, water-soluble fluorescent dyes like 
carboxyfluoiescin or oalcein ^e enc^sulated in the inventive pH sensitive liposome 
systems in relatively high co|jcentrations. At such high concentrations, said dyes are 
self quenching, i.e. the fluorescence is very low compared to a diluted dye sample. 

When the dye is released fr^m the pH sMisitive liposome system at lower pH and 

i 

30 diluted, it will fluoresce intensely and said increase in signal intensity will be 
detectable in optical imagingJ 

In another preferred embodiment, tlie inventive compositions comprise dyes which 
are encapsulated in the inveitive pH sensitive system and which - upon release at 
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lower pH - change spectral cjiaractoistics. For example, the spectral characteristics 
of the dye arsenazo in change mar]cedly in the prince or absence of calcium ions. 
Calcium ions bind to the dye iand cause a spectral shift from 560 mn to 606/660 nm. 
When said dyes are encapsulated in the inventive pH sensitive system and the 
5 surrounding pH is as such Ithat the liposomes are intact, calcium ions can not 
penetrate the liposome membrane and tlius can not interact with the dye. When the 
pH sensitive liposome systeni becomes leaky at lower pH and the dye is released, it 
Will bind to calcium ions, ?.g. naturally present in tissue fluids, and produce a 
spectral shift that will be detefctable in optical imaging. 

10 

Suitable contrast generatii^ species in MR imaging or spectroscopy are 
paramagnetic compounds, stipetparamagnetic compounds Uks superparamagnetic 
iron oxide particles, ferrimajgnetic or ferromagnetic compounds. Further suitable 
contrast generating species iiii MR imaging or spectroscopy compounds containing 

15 other non zero spin nuclei tl|an hydrogen, e.g, ^^F, "C, ^Si, "P and certain noble 
gases like "'Xe or ^He, Said' compounds may either contain s^id non-?ero nuclei in 
an abundant form or they may be isotopically enriched with said nuclei. 
Alternatively, such compour^ may be used in their hypeipolarised form, i.e. the 
nuclear polarisation of the jnon zero spin nuclei present in said compounds is 

20 enhanced. 

Preferred contrast generating j species in MR imaging spectroscopy are paramagnetic 
compounds such as stable frejs radicals, compounds comprismg transition metals and 
compounds comprising lanthWde metals. Such compounds are preferably transition 

2S metal chelates, transition roejal salts and lanthanide metal chelates, e,g, naanganese 
salts, gadolinium chelates jor dysprosium chelates. Preferred compounds are 
gadolinium chelates like GdbTPA, GdDTPA-BMA, GdDOTA, GdHPD03A, Pr-. 
Dy-, E«- and Tm-chelates, ^<in-chelates and manganese salts like MaCh, Preferably, 
compositions conqarising t|ie inventive pH sensitive liposome systems and 

30 pvamagnetic compounds are used as pH sensitive contrast agents in MR imaging. 

For instance, Gd-chel^tes are encapsulated in t)ie inventive pH sensitive liposome 

system and the compositios^' obtained is administered to a human or non-human 

animal subject. At normal physiological pH, the Ti relaxivity of the composition is 

low and. as a result, the coptrast enhancement is also low. Upon exposure to an 
PN0301/PI/1 0.01 .2003 
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environment with Jower pH (|e.g. tumour tissue), the pH sensitive liposome system 
becomes leaky and water caji access the Gd-chelate, leading to a surong increase in 
Ti relaxiviQr and thus leading jto a strong contrast enhancement 

I 

I 

5 Paramagnetic compoimds h^e either an effect on the relaxation times/relaxivity 
(e.g. Gd-chelates) or an effeqt on the chemical shift (e.g. Eu-chelates). Compounds 
having an effect on tlie chbmical shift may be used as shift reagents in MR 
spectroscopy. 

i 

10 In a particularly preferred ejmbodiment, composition3 according to the invention 
comprijse the inventive pH sej^sitive liposome system and Gd-chelates. 



Such compositions can be pijepared by hydrating the pH sensitive liposome system 
according to the invention w^th an aqueous solution containing the Gd-chelate (3ee 

15 for example IC-E. L0kling et al. Magn, Reson. Imaging 19 (2001), 731-738). Exua- 
liposomal Gd-chelate may be removed by dialyses. In a preferred embodiment, a 
relatively concentrated aqueous solution of Gd-chelate is used, preferably a solution 
that has the same osmolality as the blood of the human or non-human animal subject 
the composition is adminjsjcered to. The compositions may be prepared from 

20 unilamellar or multilamellar J>H sensitive liposomes, preferably from unilamellar pH 
sensitive liposomes. The larger the size of the unilamellar liposomes* the lower the 
*'start-relaxivity'' (i.e. the rel^xivity at physiological and higher pH) and hence the 
larger the difference in rela^^ivity between low and physiological/high pH. On the 

i 

Other hand, small liposomes show prolonged circulation time in blood in vivo. Thus, 
25 those two effects have to ^ balanced when preparing such compositions, The 
circulation time of large unilamellar liposomes can be prolonged by PEG- 
incorporation, 

j 

Yet another aspect of the invention is a method for the identification of a tumour, 
30 inflammation or cardiac infjirct tissue in a human or non-human animal subject 
comprising ' 

a) administering to said hijman or non-human animal subject a contrast agent 
comprising a compositijon comprising the pH sensitive liposome system 
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according to the inventiox^ and at least one contrast gena-ating species useful in 
MR imijging or spectrosccjpy or optical imaging and 
b) generating at least one Mil image, optical image or MR spectrum of said subject. 

5 Contrast agents comprising a composition comprising the pH sensitive liposome 
system according to the invention and at least one contrast generating species useful 
in MR imaging or spectrosclopy or optical imaging are preferably formulated in 
conventional phannaceuiical' or veterinary parenteral administration forms, e.g. 
suspensions, dispersions, etcJ, for example in an aqueous carrier medium such as 

10 water for injections. If an aqueous carrier medium is used, the osmolality of the 
carrier medium is preferably the same as the osmolality of the intraliposomal 
solution, S^d contrast agenjts may fiirther contain pharmaceutically acceptable 
diluents and excipients and foqnulation aids, for example stabilisers, antioxidants, 
osmolality adjusting agents, buffers or pH-adjusting agents. The most prefenred 

15 formulation for said contr^t agents is a sterile solution or suspension for 
intravascular administration ^r for direct injection into area of interest. Where said 
contrast agents are formulateb in a ready-to-use form for parenteral administration, 
the Carrie medium is preferably isotonic or somewlmt hypertonic, 

20 The dosage of said contrast ^ents depends upon the clinical indication, the contrast 
generating species and the m^ans by which contrast enhancement occurs. 

The contrast agents may be administered in different ways with parenteral 
administration being the preferred embodiment. The contrast agents may be 
25 administered into the vasciilature or directiy into an organ or muscle tissue. 
Intravenous administration is jparticularly preferred. 

Yet another aspect of the invention is the use of a composition comprising the pH 

sensitive liposome system according to tiie invention and at least one contrast 

30 generating species useful in imaging or spectroscopy or optical imaging for the 

manufacture of a contrast ag^nt for the identification of a tumour, inflammation or 

cardiac infarct tissue in a hpman or non-human animal subject by MR imaging, 

optical imaging or MR specljroscopy. Further, it is possible to map pH in tumours 

and use the information obtaikied to characterise tumours according to their pH. This 
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is particularly useful in chobsing rhe adequate treatment of a tumour. It 13 for 
instance known that racUatiori therapy is minor efficient in tumours with a low pH 
than in tun^ours with a higher jpH. 

5 Yet another aspect of the invention are compositions comprising the pH sensitive 
liposome system according jto the invention and at least one ther^ipeutic agent 
Preferred therapeutic agents jare agents useful in tumour therapy and therapeutic 
agents useful in the treatmentiof inflammation. 

10 The encapsulation of theraj)eutic agents in the pH sensitive liposome system 
according to the invention arid the administration of the compositions obtained to a 
patient has several advantages: circulation lifetime of the therapeutic agents is 
enhanced by encapsulation into die inventive system which is stable at normal 
physiological pH. The therapeutic agent may be encapsulated in a high concentration 

1 5 and released at exactly fliat site in the body where therapy should take place. 

Thus, a therapeutic agent us^d in tumour therapy could be encapsulated in the pH 

sensitive liposome system a({^ording to the invention. Upon administration to tlie 

I 

patient, the liposomes will ciijculate in the blood system. Tumours are known to have 
20 abnormal capillary permeability, i.e. the capillary walls are *aeaky". Prolonged 
circulation of the liposomes in the blood stream will result in an extravasation of the 
liposomes into tlie tumour interstitium where the pH is lower than the noiroal 
physiological pH. The pH sensitive liposome system according to the invention 
becomes leaky and the thejrapeutic agent encapsulated therein will be released 
25 exactly at tlie site in the body! where it should inake its impact. 

Another aspect of the invention are compositions comprising the pH sensitive 
liposome system according tq the invention and at least one therapeutic agent for use 
as a medicament. 

30 

Yet another aspect of the inyention is the use of the pH sensitive liposome system 
according to the invention and at least one tlierapeutic agent for die manufacture of a 
medicament for the treatment of tumours or inflammation. 
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Yet pother aspect of the invention are compositions comprising the pH sensitive 
liposome system according to| the invention, at least one contrast generating specie^ 
useful in MR imaging or spdctroscopy, optical imaging, X-ray, PFT or ultrasound 
imaging and at least one therapeutic agent. Such compositions can be used for 
5 monitoring the delivery of the^rapeutic agents in vivo. 

Another aspect of the invention are compositions comprising the pH sensitive 
liposome system according tq the invention, at least one contrast generating species 
useful in MR imaging or spectroscopy, optical imaging, X-ray, PET or ultrasound 
1 0 imaging and at least one therajjeutic agent for use as medicaments. 
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Examples! 
Example 1 

Preparation of a pH-isen$itive liposome system according to the invention: 

5 

l.a Preparation of lipid ijtiin fflm 

Blends of l-acyl-2-acyl-gJycero-3-phosphoethanolamine and l-acyl-2-acylsuccinyl- 
glycerol or l-acyl-3-acylsuccinylglycerol were used and liposomes were prepared by 
1 0 the thin film hydration method. Briefly, a 10/1 (v/v) chJoroform/methano] solution of 
the lipids was rotary evaporated to dryness and the resulting film was further dried 
under vacuum over night. 

l*b Preparation of pH-^^nsitiye paramagnetic liposomes 
15 The product of l.a was hydrated with an aqueous solution containing 250 mM 
GdDTPA-BMA and 50 mil TRIS/HQ buffer (pH 8.4), giving a total lipid 
concentration of 25 mg/ml, The liposomes were sized down by ultrasonic processing 
(W-385 sonicator. Heat systems - Ultrasonics inc., Farmingdale, NY, USA) and/or 
sequential extrusion (Lipex Extruder, Lipex Biomembranes Inc., Vancouver, B.C., 
20 Canada) tturough polycarborjate filters (Millipore Co., Bedford, MA, USA) with 
various pore diameters. The jipid hydration, sonication and/or extrusion procedures 
were performed well above tjje gel-to-Iiqujd crystalUne phase transition temperature 
(Tni) of the lipid membrane. Untrapped metal chelate was removed by dialysis 
(Spectra/Por membrane tubir<g MW cutoff 50000, Spectrum Medical Industries Inc., 
25 Houston, TX, USA) against i^osmotic and isoprotic glucose solution. 

he Physicochemical chajracterisatlon 

The osmolality was detemiinied by fi*ee?ing point depression osmometry (Fislce one- 
ten osmometer, Kske Associates, Norwood, MA, USA), For the size distribution 
30 measurements, liposomes we^e diluted with isosmotic and isoprotic glucose solution. 
The intensiO'-weighted hydrddynamic liposome diameter was determined by photon 
correlation spectroscopy at a scattering angle of 90° at 25 °C (Malvern PS/MW 
4700, Malvern Instruments ^.td„ Malvern, England). The width of the particle size 
distribuaon was expressed by the polydispersity index. Tlie effective Gd 
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I 15 

concentration (Cefr) in the Jippsome preparations, defined as the Gd concentration in 
the total sample volume, determined by inductively coupled plasma atomic 
emission spectrophotometry jaCP-AES, Perkin Elmer Optima 3300 DV, Perkin 
Elmer Inc., Nonvalk, CT, USA). For the determination of Cefr, liposomes were 
diluted with a 0.2% aqueous sjolution of Triton X-100. Yttrium (HI) was added to the 
samples and standard solutionjs to perform simultaneous internal standardisation. The 
Gd concentration in the sapples was detejmined using a multipoint standard 
calibration curve. pH measui|ements were performed with a calomel reference pH 
electrode (Cole-Parmer Instniment Co., Vemon Hills, IL, USA) attached to a pH 
meter (Orion 250A, Orion Research Inc., Beverly, MA, USA). 



Example 2 

I 

pH - r, dependence of Di>PG/DPS6 Uposomal GdDTPA-BMA in isojsmotic 
buffer solutions ,' 

I 

DPPE (dipalmitoyl-glycero-^-phDsphatidylefhanolamine) / DPSG (dipaUnitoyl- 
succinylglycerol) liposomes j (4:1 mole ratio) containing GdDTPA-BMA were 
prepared according to the method described in Example 1. The mean hydrodynamic 
diameter of the liposomes wsfs measured to 130 nm as described in Example 1. The 
Ti-relaxation times were measured at 37 "C and 0.47 Tesla (Minispec PC-120b, 
20 Bniker GmbH, Rheinstetten, Germany) in different isosraotic buffer solutions (0.05 
M 2-(A^^morpholino) ethanejulfonic acid (MES) buffers). The buffered liposome 
dispersions were incubated jat 37 «C prior to the relaxation measurements. The 
investigated pH-range was 4,j4 - 8.3, Table 1 and Fig. 1 show the pH-rj dependence 
of DPPE/DPSG liposomal qd-DTPA-BMA at 37 »C in MES buffers after 20 
25 minutes (n) and 2.0 (A) houijs incubation. 



Table 1 





, r,(s-'mM-) 


pH 


20| minutes incubation 


2.0 hours incubation 


4.4 


; 1.03 


1.41 


4.6 


1 0.89 


1.16 


5.0 


0.73 


0.90 


5.5 


! 0.38 


0.54 


6.0 


! 0.29 


0.32 


6.5 


1 0.27 


0.29 
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7.1 


0.26 


0.27 


7.6 


0.25 


0.25 


8-3 


0.24 


0.25 



Table 1/ Fig. 1 shows that rj <^DPPE/DPSG liposomal Gd-DTPA-BMA in 
isosmotic MES-buffers was r^atively constant between pH 8,3 an4 6.0, but 
increased sigiuficantly by lowbring the pH from 6.0 to 4.4. 

5 

Example 3 

pH - n dependence of DPPCyDP^G Uposomal GdDTPA-BMA In buffered 
human whole blood. 

DPPE/DPSG liposomes (4:1 imole ratio) containing GdDTPA-BXiA were prepared 
1 0 according to the method descpbed in Example 1 . The mean hydrodynamic diameter 
of the liposomes was measured to 130 nm as described in Example 1. The Ti- 
relajcation times were measured at 37 "C and 0.47 Tesla (Minispec PC-120b, Bniker 
GmbH, Rheinstetten, Germaijy) in different buffer solutions (0,25 M MES and 0.25 
M A^-'2-hydroxyethylpipe«ifine-i/'-2-.ethanesulfonic acid (HEPES) buffers) 
15 containing 50 volume % hajnan whole blood, The buffered liposome dispersions 
were incubated at 37 °C prior to the relaxation measurements. The investigated pH- 
range was 5.7 - 8.2. Table 2 'pnd Fig. 2 show the pH-ri dependence of DPPE/DPSG 
Uposomal Gd^DTPA-BMA it 37 °C in MES/HEPES buffered whole blood (50%) 
after 20 minutes (■) and 2.0! (A) hours incubation, The n values are coitected for 
20 thecontentof solid materials present in whole blood. 

Table 2 





: r, (s- mM'') 


pH 


20! minutes incubation 


2.0 hours incubation 


5.7 


1.80 


2.21 


5.8 


1.71 


2.07 


6.0 


; 1.39^ 


1,61 


6.4 


0.79 


0.88 


6.9 


0.37 


0.42 


7.0 


0.30 


0.36 


7,5 


0.21 


0,31 


7.9 


0.21 


0.32 


8.2 


0.20 1 0.35 
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Table 2/Fig. 2 shows that tjie ri of DPPE/DPSG liposomal Gd-DTPA-BMA in 
buffered human whole blood' was relatively constant between pH 8.2 and 7.5. but 
increased significantly by lowering the pH &om 7.0 to 5.5. The onset of the n 
increase when lowering the pH was at a higlier pH value compared to the results in 
5 Table 1/Flg. I , and the relative ri-response was higher. 

Example 4 

pH - ri dependence of DPPk/DPSG liposomal GdDTPA-BMA preincubated in 
10 human whole blood. 

DPPE/DPSG liposomes (4:1 imole ratio) containing GdDTPA-BMA were prepared 
according to the method described in Example 1, The mean hydrodynamic diameter 
of the liposomes was measur4d to 130 ran as described in Example 1. The liposomes 
were incubated for 20 mii^tes at 37 "C in human whole blood without pH 
1 5 adjustment. The pH in the vials were then adjusted by adding 0.25 M MES and 0.25 
M HEPES buffers and one v|al wiA glucose, and subsequently incubated further at 
37 "C. The vials contained 5p volume % whole blood and the investigated pH-range 
was 5.7 - 7.5, Ti-relaxation tjmes were measured at 37 "C and 0.47 Tesia (Mlnispec 
PC-120b, Bruker GmbH, Rhcfinstetten, Germany). Table 3 and Fig. 3 show thepH-n 
20 dependence of DPPE/DPSG liposomal Gd-DTPA-BMA at 37 "C after preincubation 
in human whole blood and subsequently further incubation with MES/HEPES 
buffers (and one vial with glucose) for 20 minutes (■) and 60 (A)minutes. The u 
values are conrected for the content of solid materials present in whole blood. 

25 Table 3 





rrCs'^mM*') 


pH 


2d minutes incubation 


60 minutes incubation 


5.7 


1.43. 


1.68 


6.0 


1.10 


1,22 


6.4 


0.70 


0.78 


6.9 


0.45 


0.49 


7.5 


0.40 


0.47 


glucose* 


i 0.41 


0.48 


'■'Dilution with gla<;ose instead of buffer 
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Table 3/Fig. 3 shows that the rl of DPPE/DPSG liposomal Gd-DTPA-BMA 
preincubated in human whole blood was relatively constant between pH 7-5 and 6.9, 
but increased significantly by lowering the pH from6,9 to 5.7, The onset of the n 
increase when lowering the pH was at a slightly lower pH value compared to the 
results in Table 2/Fig. 2, and relative ri-respcnse was lower. 
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Claims! 

1 . A p^-3eiisitive liposorjie system comprising 

r 

(a) 1 •'acyl'-2-acyl-4lycero-3-phosphoethanolajnine «icj 

(b) l-acyl-2-acylsttcciny}glycerol or l-acyl-S-acylsuccinylglycerol 
wherein in (a), both apyl-residues are the same or different and are saturated 
acyl residues that contain at least 14 C atonis or, 

one acyl residue is a saturated acyl residue that contains at least 14 C atoms 
and the other acyl resjidue is a monounsaturated acyl residue that contain at 
least 14 C atoms and, 

wherein in (b), both apyl-residues are the same or different and are saturated 
acyl residues that conljain at least 14 C atoms or, 

one acyl residue is a saturated acyl residue that contains at least 14 C atoms 
and the other acyl re^due is a monounsaturated acyl residue that contain at 
least 14 G atoms, 

2- The pH-sensitive lipi^some system according to claim 1 wherein the acyl 
residues contain 14-^2C atoms. 

3- The pH-sensitive lippsome system according to claims 1 and 2 wherein in 

(a) , both acyl residuep are the same saturated acyl residues and in (b), both 
acyl residues are the slarae saturated acyl residues, the acyl residues in (a) «nd 

(b) being tlie same or iJifferent. 

4, The pH-sensitive lipo;sorae system according to claims 1 to 3 wherein (a) is 
selected form thb group consisting of dimyristoyl-glycero-3- 
phosphoethanolamine, dipentadecanoyl-glycero-3-phosphoethanolaroine, 
dipalmitoyl-glycero-3j-phosphoeAanol-araine, diheptadecanoyl-glycero-3- 
phosphoethanolaniinet distearoyl-glycero^-S-phosphoethanolamine, 
dinonadecanoyI'gIyc^-3-phosphoethanolamine and diarachidoyl-glyoero-3- 
phosphoetbanolamin^ and (b) is selected from the group consisting of the 
1,2- or 1,3-isomerp of dimyristoylsuccinylglycerol, dipentadecanoyl- 
succinylglycerol, dipalmitoylsuccinylglycerol, diheptadecanoyl- 
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succinylglycerol, distearylTOccinylglycerol, dinormdecanoyl^wcinylglycerol 
and diarachidonylsuccinylglycerol. 

5- A composition compijising the pH-sensitive liposome system according tg 
. claims 1 to 4 and atj least one contrast generating species useful in MR 
imaging or spectroscopy or optical imaging. 

6. A composition accor<£ng to claim 5 wherein tlie contrast generating species 
is one that is useful in tMR imaging or specti-oscopy, 

7. A composition according to claim 6 wherein the contrast generating species 
is selected from tlje group consisting of paramagnetic compounds, 
supciparamagnetic c6mpounds, ferrimagnetic compounds, ferromagnetic 
compound and compounds containing other non zero spin nuclei than 
hydrogen, 

P, A composition accor(iing to claims 6 to 7 wherein the contrast generating 
species is a paramftgnetic species selected from the gix)up consisting of free 
radicals, compound^ comprising transition metals and compounds 
comprising lanth^nid^ metals, preferably transition metal chelates, transition 
metal salts and lanthanide metal chelates, more preferably Gd-clielates, Dy- 
chelates. Eu-chelates Tm-chelates, Mn-chelates and manganese salts. 

5. A composition accor4ing to claim 5 wherein the contrast generating species 
is a dye useful or optical imaging. 

10. Composition accordinig to claims S to 9 for use as a contrast agent, 

U. A method for the identification of a tumour, inflanunation or cardiac infarct 
tisisue in a human or njon-human animal subject comprising 

a) administering to said; human or non-hiunan animal subject a contrast agent 
comprising the compcfsition according to claims 5 to 9, and 

b) generating at least one MR image, optica] image or MR spectrum of said 
subject 
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12. U^e of the compositioh according to claiin$ 5 to 9 for the manufacture of a 
contrast agent for thei identification of a tumour, inflwmiation or cardiac 
infarct tissue in a hupian or non-human animal subject by MR imaging, 

5 optical iiriaging or MB\ spectroscopy. 

13. A composition comprising the pH-sensitive liposome system according to 
claims 1 to 4 and at le^st one therapeutic agent. 

10 ^ 14. A composition according to claim 13 wherein the therapeutic agent is an 
agent useful in tumour' therapy or useful in tlie treatment of inflammation, 

15. Compositions according to claims 13 to 14 for use as a medicament. 

15 16. Use of the compositioji according to claims 13 to 14 for the manufacmre of a 
medicament for the treatment of tumours or inflammAtion, 

17, A composition accorcjing to claims 13 to 14 further comprising at least one 
contrast generating species useful in MR imaging or spectroscopy, optical 
20 imaging, X-ray, PET pr ultrasound imaging. 
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Abstract 



The invention relates to pH-isensitive liposome systems, compositions comprising 
sai4 pH sensitive liposome systems and the use of such compositions as contrast 
1 5 agents and tnedicaments. 
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